Objective: The purpose of the present study was to comprehensively compare the phenotype profile of infiltrated macrophages in human noncalcified and calcific aortic valves, and to determine whether the shift of macrophage polarization modulates valvular calcification in vitro.
Methods: Cell surface markers of macrophages and inflammatory cytokines expression in 90 cases of human noncalcified and calcific aortic valve leaflets were analyzed. The normal aortic valve interstitial cells were isolated and cultured in vitro. After incubation with nonconditioned medium and conditioned medium from unstimulated or lipopolysaccharide-stimulated U937 monocytes, valve interstitial cells were evaluated by osteogenic differentiation markers.
Results: Infiltration of macrophages was enhanced in the calcific aortic valves, and M1 phenotype was the predominant macrophage subsets. In addition, both proinflammatory and anti-inflammatory cytokines were significantly upregulated in the calcific aortic valves. Furthermore, lipopolysaccharide-stimulated monocytes presented with increased expression of inducible nitric oxide synthase and high proportional CD11c-positive (M1) macrophages. Conditioned medium from unstimulated monocytes promoted the osteogenic differentiation of valve interstitial cells in vitro, as evidenced by increased markers such as bone morphogenetic protein 2, osteopontin, and alkaline phosphatase. Conditioned medium from M1 macrophages further enhanced valve interstitial cells calcification. Enzyme-linked immunosorbent assay showed that M1 phenotype macrophages secreted tumor necrosis factors a and interleukin 6, and neutralizing antibodies to these 2 proinflammatory cytokines attenuated induction of osteogenic differentiation and calcification by the conditioned media.
Conclusions: Both total numbers and polarization of macrophage influence the process of calcification in human aortic valve. The shift toward M1 phenotype might promote valve interstitial cell calcification. (J Thorac Cardiovasc Surg 2017;153: Macrophages infiltration in calcific and noncalcified aortic valves.
Central Message
Macrophage infiltration and polarization influence the process of calcification in human aortic valves.
Perspective
Macrophages are one of the most important cells in valvular calcification. The shift of macrophage toward M1 phenotype promotes this pathophysiologic process. Targeting macrophage polarization and altering their phenotype to adapt to the microenvironment might be promising for therapy of CAVD.
See Editorial Commentary page 1328.
Calcific aortic valve disease (CAVD) is the third leading cause of cardiovascular diseases, resulting in more than 23,000 deaths annually in the United Sates. 1 With the rapid aging of society, the incidence of CAVD is increasing in China. 2 Valvular calcification is a major characteristic pathologic feature of CAVD. 3, 4 Inflammation seems to play an essential role in the development of aortic valve leaflet calcification according to pathologic examinations. [5] [6] [7] Studies have indicated that CAVD is an inflammatory process involving infiltration of a number of cell types encompassing lymphocytes, plasma cells, mast cells, histiocytes, mast cells, and macrophages. 6, 7 Innate immune cells (eg, monocytes and macrophages) have not been well studied in CAVD. Abundant infiltration of macrophages has been observed in explanted human valves associated with extensively tissue remodeling and neovascularization. 8, 9 Macrophages have at least 2 distinct states of polarized activation: the classically activated (M1) phenotype (related to proinflammation) and the alternatively activated (M2) phenotype (related to pro-healing). 10 It is reported that M1 and M2 could exist in the central places of atherosclerotic and calcific lesions, and convert to each other in response to microenvironmental changes. 11, 12 The ratio of M1/M2 subsets was more related to atherosclerotic plaque stability and progression rather than the total number of macrophages. 13, 14 In addition, CAVD has similar pathologic processes and clinical risk factors to atherosclerosis. 15 Therefore, it was assumed that CAVD might be evoked not only by a sustained proinflammatory response but also by the imbalance of M1 and M2 macrophages polarization.
To date, however, the possible role of varied phenotypes of macrophages in CAVD is poorly understood. Because valvular interstitial cells (VICs) are the main cell population in heart valve leaflets, it has been considered that there are cellular interactions between VICs and macrophages, and macrophage polarization affects proinflammatory cytokine release on VIC activation and osteogenic differentiation. In the present study, we hypothesized that macrophages infiltration and polarization regulate VIC calcification. We analyzed cell surface markers of macrophages and cytokine expression in noncalcified or calcific aortic valve leaflet obtained by heart transplant programs and cardiovascular surgery. Furthermore, normal primary VICs isolated from noncalcified aortic valve tissue were cultured in vitro and incubated with the conditioned medium from unstimulated or lipopolysaccharide (LPS)-stimulated U937 monocytic cells to elucidate functions of M1 macrophage phenotype on VICs. This study may give us more information about the macrophage subsets and their functions in CAVD.
MATERIALS AND METHODS Patient Selection and Specimen Acquisition
The protocol of this study was approved by the Ethical Committee of Tongji Medical College affiliated to Huazhong University of Science and Technology, P. R. China, and conducted in accordance with the ethical standards stated in the Declaration of Helsinki. Informed consent was obtained from all patients. Human aortic valves were obtained from 90 patients at the time of aortic valve replacement or heart transplantation. On the basis of the gross appearance and echocardiography, the levels of calcification of the aortic valve were classified as follows: grade 0, no calcification; grade 1, sclerosis or mild calcification; grade 2, moderate calcification; and grade 3, severe calcification (Table 1) . Calcific aortic valves (calcification grade 1 or 2) were obtained from 60 patients with CAVD during aortic valve replacement. Control noncalcified aortic valves (calcification grade 0) were collected from the explanted hearts of 30 patients without CAVD undergoing heart transplantation. Valves with calcification grade 3, which were distorted by multiple nodular deposits and loss of cells, were excluded. Exclusion criteria also included rheumatic disease, infective endocarditis, bicuspid aortic valves, and valves with moderate to severe aortic valve regurgitation. All patients underwent a comprehensive examination by an experienced echocardiographer.
Immunohistochemical Staining
Each aortic valve excised at the time of surgery was placed in a container filled with cold phosphate-buffered saline (PBS). One cusp was immediately frozen in liquid nitrogen. One cusp was fixed in 4% paraformaldehyde, dehydrated, and subsequently embedded in paraffin. Immunohistochemical staining was performed as previously described. 16 After antigen retrieval, deparaffinized sections of each valve were incubated overnight with mouse monoclonal antihuman CD68 (1:100, Abcam, Cambridge, UK), mouse monoclonal anti-human CD11c (1:100, Abcam), and mouse monoclonal anti-human CD206 (1:200, Abcam) followed by application of a secondary antibody (biotinylated anti-mouse immunoglobulin-G). The numbers of immunopositive cells were counted in 6 matched microscope fields at 4003 magnifications.
Quantitative Real-Time Polymerase Chain Reaction
The RNA was isolated and reversely transcribed to cDNA as previously described. 16 Primers were purchased from GenScript Co, Ltd (Nanjing, China). Sequences for all quantitative PCR primers are shown in Table  E1 . Quantitative real-time PCR reaction was performed on the ABI 7900HT Sequence Detection System (Applied Biosystems, Carlsbad, Calif). Relative gene expression was normalized to b-actin level. The delta/delta Ct calculation method was used for analyzing the data. Human VICs were isolated from noncalcified aortic valves obtained from patients undergoing heart transplantation using collagenase digestion as previously described. 16 Interstitial cells were cultured in Dulbecco's modified Eagle medium containing penicillin G, streptomycin, and 10% fetal bovine serum at 37 C and 5% CO 2 . The cells from passages 3 to 5 were used for the experiments. U937 monocytic cells were purchased from the cell center of Wuhan University and cultured in Roswell Park Memorial Institute (RPMI) 1640 medium containing 10% fetal bovine serum, penicillin, and streptomycin. For differentiation to the adherent macrophages, cells were diluted to a concentration of 5.0 3 10 5 /mL and treated by phorbol-12-myristate-13-acetate at a concentration of 100 ng/mL for 24 hours. The medium was replaced with fresh RPMI 1640 before the cells were treated with medium alone or medium containing 100 ng/mL, 200 ng/ mL, or 500 ng/mL of LPS for 12 hours.
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Conditioned Medium Harvest and Valvular Interstitial Cell Calcification Model
After treatment with LPS, U937 cells were washed thoroughly and then placed in fresh RPMI 1640 media. After 48 hours of incubation, U937 cells were collected for RNA and protein extraction, and the supernatant was collected and used as conditioned medium. To ensure that the effect of conditioned media on VICs was not due to the direct effect of LPS carried over from the treated cells, the conditioned medium was incubated with polymyxin B for 1 hour at 37 C to neutralize LPS before application on VICs co-culture. 17 To provoke calcification, VICs were treated as previously described. 18 Briefly, VICs at a concentration of 5.0 3 10 5 cells/mL were incubated with the procalcifying medium containing Dulbecco's modified Eagle medium, 5% fetal bovine serum, 50 mg/mL ascorbic acid, 100 nmol/L dexamethasone, and 10 mmol/L b-glycerophosphoric acid. To investigate the effect of macrophage on the osteogenic differentiation of human VICs, 1 mL nonconditioned (fresh) medium or conditioned medium from unstimulated or LPS-stimulated macrophages as described earlier was added to the VICs procalcifying medium. Neutralizing antibodies to tumor necrosis factor (TNF)-a and interleukin (IL)-6 were obtained from eBioscience (San Diego, Calif). After 7 days of incubation, the cultured cells were collected for RNA and protein extraction.
Flow Cytometry
Phorbol-12-myristate-13-acetate-maturated, untreated, or LPS-treated cells were collected and washed with PBS. Cells were resuspended into 5.0 3 10 5 cells/tube and washed twice with PBS containing 1% bovine serum albumin. Then, cells were incubated with 3 mL of fluorescein isothiocyanate-conjugated monoclonal antibody against CD11c (eBioscience) for 30 minutes at 37 C in the dark. The samples were analyzed by a flow cytometer (BD Immunocytometry Systems, San Jose, Calif).
Enzyme-Linked Immunosorbent Assay
Cell culture medium was collected after treatment with LPS or control medium. TNF-a and IL-6 in the conditioned media were measured by enzyme-linked immunosorbent assay according to the manufacturer's instructions (Wuhan Boster Biological Technology Ltd, Wuhan, China).
Western Blotting
Protein expression was demonstrated by Western blotting using specific antibodies against inducible nitric oxide synthase (1:1000, Abcam), bone morphogenetic protein (BMP)2 (1:1000, Abcam), osteopontin (OPN) (1:1000, Abcam), alkaline phosphatase (ALP) (1:1000, Abcam), and glyceraldehyde 3-phosphate dehydrogenase following standard protocols as previously described. 19 
Alizarin Red Staining
Alizarin red staining for calcium deposits was performed as described previously. 16 Briefly, VICs were washed twice with PBS and fixed for 15 minutes in 4% paraformaldehyde. After incubation with 0.2% alizarin red solution for 30 minutes, excess dye was removed by washing with distilled water.
Statistical Analysis
Continuous data were expressed as mean AE standard deviation. The differences between 2 groups were assessed by the Student t test, and multiple comparisons between more than 2 groups were conducted by 1-way analysis of variance. Categoric data were expressed as a percentage and compared with the chi-square test. Statistical analysis was carried out using GraphPad Prism 5 software (GraphPad Software, La Jolla, Calif).
RESULTS
Patient Demographics
The demographic data of patients are summarized in Table E2 . Significant differences between patients with and without CAVD were seen for age, body mass index, hypertension, coronary artery disease, and statin use. The groups did not differ with regard to sex, serum lipid profile, and serum creatinine concentration. As for medication, statin treatment in those with CAVD was higher than in those without CAVD, which was likely to be responsible for the relatively low serum lipid levels in the patients with CAVD.
Macrophage Infiltration in Noncalcified and Calcific Aortic Valves
Immunohistochemical staining showed that macrophages infiltration was present in both calcific and noncalcified aortic valves (Figure 1, A) . A quantitative analysis of the phenotype of the macrophages showed that the number of infiltrating pan macrophages (CD68 þ ) was significantly larger in calcific aortic valves than that in noncalcified aortic valves (P <.01) (Figure 1 , B). The number of M1 macrophages (CD11c þ ) was significantly larger in calcific aortic valves (P < .01) (Figure 1, C) . The CD11c þ /CD68 þ ratio was significantly higher in calcific aortic valves than in noncalcified aortic valves (P <.01) (Figure 1, E) . The number of M2 macrophages (CD206 þ ) was significantly smaller in calcific aortic valves than in noncalcified aortic valves (P < .05) (Figure 1, D) . To this effect, the ratio of
CD206
þ /CD68 þ cells was significantly lower in calcific aortic valves than in noncalcified aortic valves (P < .01) (Figure 1, F) . The ratio of CD11c þ /CD206 þ was significantly increased in calcific aortic valves compared with noncalcified aortic valves (P < .01) (Figure 1, G) . These data indicated that the total number of macrophages increased within the human calcific aortic valves and that M1 phenotype was the predominant macrophage population. 
Cytokines Expression in Noncalcified and Calcific Aortic Valves
To analyze the changes in gene expression levels of M1/M2 cytokines in noncalcified or calcific aortic valves, quantitative real-time PCR reaction was applied. The expression level of proinflammatory cytokines, TNF-a, IL-12a, and IL-6, was significantly increased in calcific aortic valves compared with noncalcified aortic valves (P <.01) (Figure 2, A-C) . The mRNA expression of antiinflammatory cytokines, transforming growth factor-b1, IL-10, and alternative macrophage activation-associated CC chemokine-1, were upregulated in calcific aortic valves compared with noncalcified aortic valves (P < .01) (Figure 2, D-F) . These results suggested that both proinflammatory and anti-inflammatory cytokines were upregulated in the calcific aortic valves compared with noncalcified aortic valves.
Lipopolysaccharide-induced M1 Polarization of U937 Monocytic Cells
After phorbol-12-myristate-13-acetate treatment, U937 monocytic cells differentiated into the adherent macrophages. In an effort to better understand the impact of LPS concentration on macrophage differentiation, we used a range of concentrations (0, 100, 200, and 500 ng/mL). Quantitative real-time PCR reaction and Western blotting data showed that the mRNA level and protein expression of inducible nitric oxide synthase, the production of M1 macrophage phenotype, was upregulated by LPS treatment in a dose-dependent manner ( Figure 3, A and B) . Because no significant difference of inducible nitric oxide synthase expression was found in cells treated with 200 ng/mL compared with cells treated with 500 ng/mL. The concentration of LPS used in the following experiment was 200 ng/mL. Furthermore, the cell surface expression of the stimulated macrophages was confirmed by flow cytometry. Representative histograms of flow cytometry data in Figure 3 , C, showed that LPS-stimulated macrophages presented with high numbers of CD11c-positive macrophages (M1) compared with nonstimulated cells (96.4% AE 1.2% to 70.7% AE 3.3%, P < .001). These findings indicated that the majority of the LPSstimulated macrophages were M1 proinflammatory macrophages.
Highly Expressed Tumor Necrosis Factor-a and Interleukin-6 in Conditioned Medium
Enzyme-linked immunosorbent assay data demonstrated that the average concentration of TNF-a and IL-6 in conditioned medium from LPS-stimulated macrophages was significantly higher than in conditioned medium from unstimulated macrophages (P < .001) (Figure 3, D and E) , which suggested that M1 macrophages highly secreted proinflammatory cytokines, TNF-a, and IL-6.
Conditioned Medium from M1 Macrophages Promoted Osteogenic Differentiation of Valvular Interstitial Cells
To investigate the effect of macrophages on the human VICs, VICs from noncalcified aortic valve were incubated with the nonconditioned (fresh) medium or conditioned medium from unstimulated macrophages or M1 macrophages. To prevent residual LPS contamination, conditioned medium was neutralized with polymyxin B before treatment of VICs. Immunofluorescence results showed positive a-smooth muscle actin and vimentin expression in VICs cultures, which led us to the conclusion that our isolated VICs were actually true VICs ( Figure E1 ). After 7 days of incubation, PCR and Western blotting data showed that the mRNA level and protein expression of several osteoblastic markers, including BMP2, ALP, and OPN, significantly increased in VICs with conditioned medium from unstimulated macrophages than in VICs with nonconditioned (fresh) medium (Figure 4 , A-F). Conditioned medium from M1 macrophages further enhanced expression of these osteoblastic genes and highly expressed proinflammatory cytokines. When taken together, these results indicated that M1 macrophage might secrete proinflammatory cytokines which promote the calcification in human aortic valves.
Inhibition of Tumor Necrosis Factor-a and Interleukin-6 Attenuated Valvular Interstitial Cell Calcification Induced by Conditioned Medium from M1 Macrophages TNF-a and IL-6 are highly increased in conditioned medium from M1 macrophages, and previous studies have shown that TNF-a and IL-6 might promote the calcification of VICs. Therefore, we examined whether TNF-a and IL-6 are responsible for the osteo-inductive effect of the conditioned medium from M1 macrophages. VICs were incubated with conditioned media from M1 macrophages that had been pretreated for 1 hour with neutralizing antibodies against TNF-a (1 mg/mL) and IL-6 (1 mg/mL), alone or in combination. 20 Osteoblastic markers were measured after 7 days of culture. As shown in Figure 5 , A-C, Western blotting data showed that TNF-a or IL-6 neutralizing antibody decreased the induction of osteoblastic markers including BMP2, OPN, and ALP. In addition, inhibiting both TNF-a and IL-6 appeared to further attenuate osteo-inductive effect of the conditioned medium from M1 macrophages. Moreover, inhibition of TNF-a and IL-6 attenuated the calcium deposits of VICs (Figure 5, D) . These results indicated that the effects of conditioned medium from M1 macrophages on VICs osteogenic differentiation were mediated, at least in part, by TNF-a and IL-6.
DISCUSSION
In this study, we found that infiltration of macrophages was enhanced in the human calcific aortic valve and M1 phenotype was the predominant macrophage subset according to this Chinese population investigation. In addition, we observed both proinflammatory and antiinflammatory cytokines were significantly upregulated in the calcific aortic valves compared with that in the noncalcified valves. Furthermore, we demonstrated that conditioned medium from unstimulated macrophages promoted the osteogenic differentiation of VICs in vitro, as evidenced by increased osteoblastic markers including BMP2, OPN, and ALP. Conditioned medium from M1 macrophages further enhanced VICs calcification. Neutralizing antibodies to TNF-a and IL-6 attenuated the induction of osteoblastic markers by conditioned medium from M1 macrophage.
CAVD includes a wide range of clinical features from aortic fibrosis, sclerosis to severe stenosis. In the early stages of CAVD, calcification, co-localizing to areas of lipid deposition, consists of nodules containing hydroxyapatite deposited on a bone-like matrix of collagen, OPN, and other bone matrix proteins. 21, 22 Remodeling of this calcification occurs as CAVD progresses until by the end stages of disease, lamellar bone with hematopoietic elements, microfractures, and neoangiogenesis can be observed in the valve. 22, 23 To rule out potentially differences between various stages of CAVD, we classified the calcified aortic valves into 4 grades based on the gross appearance and echocardiography (Table 1) . Valves with calcification grade 1 or 2 were used as calcific aortic valves, and valves with calcification grade 0 were considered as noncalcified aortic valves.
In the present study, we showed that the infiltration of macrophages was enhanced in the human calcific aortic valve. A set of proinflammatory and anti-inflammatory macrophages, with extreme polarization of M1 and M2 macrophages, were observed in calcific aortic valves. Of note, M1 macrophages were the predominant phenotype subsets in calcific aortic valves. It suggests that both macrophage numbers and a proinflammatory phenotype influence the calcification of aortic valves. Studies have shown that macrophages possess remarkable functional plasticity and alter functions in response to micro-environmental changes in the pathogenesis of atherosclerosis. 14 Hirata and colleagues 24 reported that coronary atherosclerosis was associated with macrophage polarization in epicardial adipose tissue. 24 CAVD has similar pathological processes and clinical risk factors to atherosclerosis. 15 Therefore, the results from the present study are consistent with calcific aortic valves also being associated with macrophage polarization. Inhibition of TNF-a and IL-6 attenuated the calcium deposits of VICs. Scale bar ¼ 100 mm. Color legend: conditioned medium from M1 macrophage (blue), conditioned medium from M1 macrophage supplemented with TNF-a antibody (yellow), conditioned medium from M1 macrophage supplemented with IL-6 antibody (green), conditioned medium from M1 macrophage supplemented with TNF-a and IL-6 antibodies (purple). BMP, Bone morphogenetic protein; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; OPN, osteopontin; ALP, alkaline phosphatase; M1-CM, conditioned medium from M1 macrophage; TNF, tumor necrosis factor; IL, interleukin.
In the inflammation-related diseases, macrophages were identified as major contributors to the inflammatory response through their secretion of proinflammatory mediators and anti-inflammatory cytokines.
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M1 macrophage expresses numerous proinflammatory mediators including IL-1, IL-6, IL-12, IL-23, TNF-a, reactive nitrogen and oxygen intermediates, which help to orchestrate and amplify Th1 immune responses and have a strong microbicidal activity. M2 macrophage phenotype, which is capable of phagocytosis, secretes antiinflammatory cytokines such as IL-1 receptor antagonist, IL-10, transforming growth factor-b1, and alternative macrophage activation-associated CC chemokine-1, and induces Th2 immune responses. [11] [12] [13] [14] In this study, we observed that both proinflammatory and antiinflammatory cytokines were significantly upregulated in the calcific aortic valves compared with noncalcified valves, which were in agreement with the increased macrophage number. The increased cytokines, such as TNF-a, IL-6, and IL-1b, was reported to be associated with increased production of matrix metalloproteinases, which contribute to the extracellular matrix degradation, remodeling, and valvular calcification. [25] [26] [27] During the process of CAVD, VICs in the diseased valves lose their normally quiescent fibroblastic phenotype and undergo myofibroblastic activation. In the calcified lesions, there are mainly osteogenic differentiated VICs expressing a panel of osteoblastic markers. 28, 29 The results from the present study are consistent with the fact that calcific aortic valves are correlated with macrophage polarization and inflammatory response. We used a primary cell co-culture model of human noncalcified aortic VICs with conditioned medium. The results of this in vitro model indicated that unstimulated macrophages promoted osteoblastic differentiation of VICs, as evidenced by increased osteogenic differentiation markers including BMP2, OPN, and ALP. Polarization of M1 macrophages further enhanced VIC calcification. This is in accordance with the report of Tintut and colleagues 17 that macrophages enhanced vascular calcification in vitro, and LPS or oxidized LDL may further promote vascular cell calcification by activating macrophages to induce osteoblastic differentiation.
The mechanisms by which M1 macrophage promote the calcification of the aortic valve are complex, but the effect of LPS activation was mediated at least in part through secretion of TNF-a and IL-6. An increased expression of the TNF-a and IL-6 has been shown in calcific aortic valves and in vitro monocyte-related media incubated with LPS. Our results indicated that conditioned medium from M1 macrophages enhanced osteogenic differentiation of VICs. Thus, M1 macrophage phenotype may, by secretion of TNF-a and IL-6, promote an inflammatory microenvironment in calcific aortic valves that in turn leads to osteogenic differentiation of VICs. Previous studies have shown that TNF-a might be one important mediator that upregulate the expression of BMP2 and promote the calcification of VICs with activation of nuclear factorkB.
25,30 IL-6 also was shown to promote the expression of BMP2 that increased mineralization of VICs. 31 In our co-culture model, the functions of TNF-a and IL-6 had been confirmed by blocking with neutralizing antibody.
Study Limitations
First, a limited number of surface markers were used for determination of the M1 or M2 phenotype of the macrophages participating in the process of valve calcification. Second, LPS induced macrophage polarization in vitro could not completely imitate the macrophage polarization process of CAVD in vivo. Third, the interaction between M1 and VICs remains unknown, and further work is needed to better understand the function of macrophage polarization on VICs calcification. Finally, sample numbers in this clinic study were not sufficient to investigate the cause in more detail. VIDEO 1. A surgery procedure is shown. The patient is a 68-year-old man with aortic valve stenosis and coronary artery disease for years. He is receiving aortic valve replacement and CABG together. As we noted in the article, approximately 38.33% of the patients with CAVD in our study and a coronary heart disease have major morbidity, mortality, and health economic costs. CAVD is the most common form of heart disease and a major healthcare burden. Our present study may give us more information about the macrophage subsets and their functions in CAVD. Despite the high prevalence of CAVD, there is still no highly effective nonsurgical therapeutic strategy or prevention method at present. Targeting macrophage polarization and altering their phenotype to adapt to the microenvironment might be promising for these patients. Video available at: http://www.jtcvsonline.org/article/S0022-5223(17)30202-7/addons.
CONCLUSIONS
The results of the present study demonstrate that both macrophage numbers and polarization influence the process of human aortic valve calcification. Macrophage polarization may interplay with VICs through secretion of proinflammatory mediators to promote osteogenic differentiation of VICs. Additional in vivo and human studies are required to extend the relevance of these data to the human condition. Despite the high prevalence of CAVD, there is still no highly effective nonsurgical therapeutic strategy or prevention method at present (Video 1). Targeting macrophage polarization and altering their phenotype to adapt to the microenvironment might be promising for them. 
